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Low Silicon Operation in Blast Furnace with Flux

Injection through the Tuyeres

Ryuichi NAKAJIMA, Sumiyuki KiSHIMOTO, Hirohisa HOTTA,
Akio SIMOMURA, Kunihiko ISHII and Yojiro YAMAOKA

Synopsis :

For the purpose of decreasing Si content in hot metal by means of flux (CaO, MgO) injection through the
blast furnace tuyeres, fundamental experiments and operational tests at Keihin No. 2 blast furnace were

carried out. Results obtained are as follows.

(1) The generation rate of SiO gas (K&o) based on fundamental experiments were formularized as

follows.

K&io = 4.07 X 107 X exp (—120 X 10%/RT) X Gsjo,

(2)For decreasing Si content in hot metal, MgO flux injection from the tuyeres was proved to be more
effective than CaO flux injection. As to the charging method of flux, tuyere injection is most effective
followed by top charging with coke and top charging with ore. ’

(3) The decrease in Si content in hot metal by MgO injection was estimated to be mainly due to the
decreased generation rate of SiO gas with decreased activity of SiO, in raceway slag, which is formed by

the reaction of coke ash and injected MgO flux.

(4) According to magnesite injection of additional 10 kg/t from the tuyeres, Si decreases due to MgO
increase in hearth slag and raceway slag were estimated to be 0.009% and 0.045% respectively.
Key words : blast furnace; silicon; flux injection; coke ash; MgO; magnesite; SiO gas; SiO, activity;

raceway slag.
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Fig. 1. Schematic drawing of the test apparatus
and graphite crucible.

Table 1. Chemical composition of experimental
slag.

. . Chemical analysis (%) Liquidus
No. CaO(/_?xOg Mg(%{SlOz temperature
SiOz | Al;03| CaO | MgO °
1 0 65.6 | 30.5 | 3.9 0 1720
2 0 0.4 51.9 | 24.1 ] 3.1 | 20.8 1380
3 0.8 43.0 { 20.0 | 2.6 | 34.5 1610
4 0 50.9 | 23.7 | 25.4 | O 1450
5 0.5 0.4 42.3119.7 | 21.1 | 17.0 1390
6 0.8 36.1 | 16.8 | 18.1 | 29.0 1580
7 0 40.6 | 18.9 | 40.6 | O 1360
8 1.0 0.4 34.9116.2 | 34.9 | 14.0 1430
9 0.8 30.6 | 14.2 | 30.6 | 24.6 1620
2-1 EBRRH
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ce/min & L 7.
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Fig. 2. Examples of experimental results.
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Fig. 3. Effect of CaO, MgO and temperature on

the apparent generation rate of SiO gas.
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Fig. 4. Relation between the apparent generation
rate of SiO gas and SiO, activity in the slags.
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o (F 60pum) CHA~ART, KISy, MgO
FT7 T v ADOHER, MHRBLU CaO%T7 T v
ADFNIIILNT, PHROKREL, 2IZ2HETHA.

3:1-2 REHRE

TE2EFICB AR, BEFo~A b, 7%
YTy rAh—, BRIK, <733 A FONET, FnE
N5 HREIER L., Zhd 0REREE % Table 3
RS, 372, A4 MOFOWAAEOEIRERE
¥ % Fig. 6 II/RT.

2 A0 A4 PGAARIEEE L C, BRI, R v
THiFL A LR, EERICHER L. Fkayizig,
2 AL POWINCEX AR T FOEMB L~ %
FA NOROAXTOG R HETLILENL, HRE

‘88 Aug./21 22 23 24 25 26 27
Feeder rg—L N — T T T 2 1
. 20
‘ Screen Magnesne
; (kg/T) 10 ~ = e m e oo N
0 )
) 0.5 ~ Actual [Si]
Si 0.4
(G %) o.30---
oo Cast house Tuyere g ?8
o ‘ o 1520
(A) Desiliconization Equipment (B) PC Injection System HMT 1500,
(c) 1480-"" A3
. . . 1460
Fig. 5. Schematic drawing of the test apparatus 10
for flux injection from the tuyeres in Keihin No. 2 MgO 9
blast furnace. (%) g TTASISArTT
PCR 80
) . . (kg/T) gg SVIUUORIN - W
Table 2. Chemical and physical properties of the 530
purverized coal and fluxes used for the test. FR 520 —zasase s
(kg/T) gég
Sample Chemical analysis (% ) Mean dia- Densigy
Ig-loss | Ca0 [ Mg0 | si0, | meter (wm) | (g/en’®) si 10
P 5
Pulverized coal 1.1 0.8] 0.1] 3.1 61.5 0.6 f
Burnt dolomite | 2.1 |63.7[32.3| — 38.4 0.8 (Tme/D) 0
MgO clinker 0.7 | 1.9|88.5| — 40.9 1.6 Test
Burnt lime 3.4 191.8( 3.5 — i0.0 0.8
%:ﬁ“;f;;e 50.2 %jé ‘}?;3 o1 6.2 1.4 Fig. 6. Operational results of magnesite (MgCO3)
Surpentine — | 0.6]45.5]43.5 - - injection from the tuyeres (’88 Aug. 23~26).
Table 3. Operational results of the flux injection from the tuyeres.
(1) Burnt dolomite (2) MgO clinker (3) Burnt lime (4) Magnesite
Base Test Base Test Base Test Base Test
Productivity (t/D/m3) 2.15 2.18 2.22 2.23 2.17 2.14 2.14 2.16
CR (kg/t 446 447 454 456 448 442 455 467
PCR (ke/t 68 69 64 62 71 70 64 60
Si %; 0.29 0.24 0.30 0.22 0.30 0.38 0.24 0.16
S % 0.025 0.024 0.028 0.025 0.021 0.016 0.025 0.024
HMT (°Cc) 1483 1480 1485 1486 1492 1499 1482 1478
(MgO) (%) 7.0 7.6 7.7 9.1 7.4 7.4 7.9 9.5
Flux (kg/t) — 9.3 — 8.2 — 4.4 — 15.0
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S 05 o Base _gMﬂ%mm@www

= o4l e Magnesite 15kg/T 15 03 i

g -~ 1A5i=0.08% B

hs 0.3+ 00o 0860/ o ] g 0.2 -

:(:;:) 0.2r /’g < 1S 0'”—90”5“ facter 1 Fig. 7. Effect of hot metal
0.1l” ‘g//.J/{.l Do 0.0l H0|t meﬁll temﬁ)eratirel: temperature and MgO content

1460 1480 1500 1520 1540 6 7 8 9 10 11 in the hearth slag on Si content

Hot metal temperature (C)

090 Fiux 10kg/T

(A)

MgO 1% increase (B)
in slag

0.052

Decrease of corrected Si (%)

BD : Burnt dolomite BL : Burnt lime MC : MgO clinker
Mg : Magnesite

Fig. 8. Decrease in corrected Si content in the
hot metal per flux 10 kg/t and MgO 1% increase in
the hearth slag by the flux injections from the
tuyeres.
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ARFIZHANTHS 2»IET (—0.08%) LTHBhH, &k
WMEMIED Si@ECHELTY, 27 79 Mg0 BE
ORI E & BT, IFEBGITET L. RIS, 75 v
7 A 10kg/t H-H OBHIEERHIE SiIKTE (A) B
XA 7dh MgO iBFE 1% FRHICX B BSIRERIE
SifkTE (B) # Fig. 8 lZ/R¥. Thib, 4 Si
DIETIZE, CaO%R7Iv 27 ALY MgO %75 » 2
ZADHFVEHTHY, 25 7% MO i8¥ 1% LA H7-
TR, VIR A PEROHIRNTHL L DD RS,
%8B, MgO &7 7 v 7 AMARKEIZIX, FIRFICR 7 Y
b MgO BEBEMA LML TBY, #d Si KT,
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MgO in slag (%)

in the hot metal by magnesite
injection from the tuyeres.
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Fig. 92, B 75 v 7 ADOIPTHEAE, 79572
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Table 4. Operational results of the flux chargings with coke or ore from the top.

(1) Surpentine with ore (2) Dolomite with ore (3) Magnesite with ore (4) Magnesite with coke
Base Test Base Test Base Test Base Test
Productivity (t/D/m®) 2.20 2.21 2.18 2.18 2.17 2.18 2.17 2.17
CR (kg/t 449 443 445 444 455 456 455 454
PCR (kg/t 72 72 71 73 64 67 64 73
Si (°o§ 0.30 0.22 0.31 0.28 0.30 0.28 0.30 0.26
S (% 0.023 0.021 0.021 0.018 0.024 0.022 0.024 0.023
HMT (°Cc) 1499 1483 1497 1485 1493 1494 1493 1495
(MgO) (%) 7.8 9.1 7.8 9.3 7.8 9.5 7.8 9.8
Flux (kg/t) — 17.2 — 31.7 — 19.4 — 19.2
. 0.5 1 T T
= 0.05r . 0.05 I
e Fl 10g/T - (A) & Mg0 :n%SII:()l’SilSG ® Charging method of magnesite J
< 0.04 003 5 0.04 ¢ .
g 7 0.4 ® Base . o |
g 0.03 “g’ 0.031 0.025 ,\E A Charging with O, (1) oo
- 8 o ; ; (X _ ) >
5 0.02 = 0.0 - o Charging Yvnh C, e —:;\ Base
§ ; 3 £ 0.3 x Tuyere injection 4 —
& 0.0} g 0.0t S 42 /
8 "6 ({ A /
0.00 0.00 2 o
S D Mg-0 MgC S D Mg0O MgC c 0.2~ _
) ) S il Top Charging
S : Surpentine D : Dolomite Mg-O : Magnesite with ore —
Mg-C : Magnesite with coke 0.1
Fig. 9. Decrease in corrected Si content in the ’ Tuvere iniestio 7]
. . n
hot metal per flux 10 kg/t and MgO 1% increase in yere 1
the hearth slag by the flux chargings from the top. 0.0 \ |

T4 oML, L—2Y 2 AR5 7% MgO i
AER LT, Si0O FRADFER X HREIZIH T 5
LbOLERINL., 0L, AL MO KT T v 72
2EHAWTH, FOEAFEICLD, $id Si OEERD
BRRE-TEY, UTFKZORE 21T /2.

4., E =

BHH SIIETOA I XL ERIFREFTORT -2 %
VEIEE L O Si0 H ABHBATRISIZES W THT L,
BOBODOEGIZOWTRE L 7.

4-1 fFERRS J-X FIVEISICED e

HiF 59 &k, BEReRe LT, (13)X&Ex,

Si0x(1)+2C = Si+ 2C0(g) Cereacrscictenenanaraes (13)

AG® = 597500 — 397.9 T (J/mol)

K = (@si* Pto)/(@sio, QL)

= exp (47.87 — 71.87/T)
TIT, asio, KRWTH, FIKRZ T F#EERWT,
(1R ICE D EH L. COFE (Peo) IKPWTH,
FREHTEML, ZhEZETEFLVEALRLT,
BOGIRE (T) &, EHiRE L 27 Z7iREOHMTES 2
v, 72, ac=1&L, as 2Tk, HRFSY
D4R L DL 7.

| |
0.1 0.2 0.3
Estimated [Si] (%)

0.4 0.5

Fig. 10. Comparison of the measured Si content
in the hot metal with estimated one from slag-metal
reaction at the hearth.

asi=/fsil Sil
log fs = (3910/ T—1.77)[Si] +0.24[C]
+0.281 [Mn] ................................. (14)
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I— 27 2 Ash LR 2 7 VKO 3z (ET
ALO, D) IILBLTHY, T—27 X Ash IZBEREL
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Fig. 11. Effect of the charging methods of magnesite
on the assimilation of slag at tuyere level.
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Fig. 12. Comparison of the estimated values of
SiO, activity, SiO partial pressure and Si in the
hot metal with the measured Si*.
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Table 5. Effects of MgO increase in hearth slag
and in raceway slag on Si decrease in hot metal.
Test conditions Si decrease (%)
No. (Hearth | (Racewa
y
Method (MgO) Total slag) slag)

1 Tuyere Constant | 0.045 : — 0.045

2 | Tuyere Increase | 0.054 0.009* | 0.045

3 Top (with coke) Increase | 0.036%2 |0.009%2 | 0.027%2
4 Top (with ore) Increase | 0.022 0.009 0.013

Per magnesite 10 kg/t
(Hearth slag) : Si decrease by MgO increase in hearth slag calculated
from* (0.009* =0.054% —0.045%)
(Raceway slag) : Si decrease by MgO increase in raceway slag
calculated from*2 (0.027*2=0.036*2—0.009*2)
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